Three recently characterized marine species of Alteromonas-A. luteoviolaceus (lo), A. rubra (ll), and A. citrea (13)-synthesize polyanionic antibiotics which act on bacterial respiration (12, 14) and produce violacein, prodigiosin, and a yellow, noncarotenoid pigment, respectively. In addition, several phenotypic features differentiate them from the other members of this genus as described by Baumann et al. (2) , Reichelt and Baurnann (21) , and Chan et al. (9) .
Further investigations on the antibacterial activity of marine bacteria commonly found in Mediterranean waters led us to isolate a number of orange-pigmented strains, some of which share phenotypic and genetic characters of the genus Alteromonas. These strains are described in the present report, and their taxonomic position is discussed. MATERIALS Strains 57, 201, 206, and 208 were obtained from surface seawater off Nice, France; the others were isolated from the surface of seaweeds (Ulua lactuca) harvested in the same area. All of the strains were isolated on marine agar (MA, Difco) and were selected for study on the basis of their antibiotic activity and their pigmentation, as previously described (13) .
Methods. The methods and media used for the phenotypic characterization of strains were previously described (10, 11, 13) . These methods were modified as follows.
The pigments were separated by high-pressure liquid chromatography using water-acetonitrile-tetrahydrofuran-acetic acid (55:35:10:1) with detection at 436 nm.
Besides the 60 organic compounds used in the previous studies on A. rubra (11) and A. citrea (13) , the following additional substrates were employed: 9-
line, L-aspartate, DL-kinurenine, betake, creatine, Qalanine, DL-2 aminobutyrate, ~~-3-aminobutyrate, DL-4-aminobutyrate, DL-Baminovderate, DL-2-aminObenzoate, ~~-3-aminobenzoate, ~~-6aminobenzoate, acetamide, sarcosine, ethylamine, butylamine, amylamine, ethanolamine, benzylamine, diaminobutane, spermine, histamine, and tryptamine. Susceptibility to the following eight antibiotics was determined with Bio-Discs (BioMQieux, Marcy l'Etoile, France) (amount of antibiotic per 6-mm-diameter in parentheses): gentamycin (10 pg), pristinamycin (15 pg), spiramycin (100 pg), tobramycin (10 pg), lincomycin (2 pg), doxycycline (30 pg), ampicillin (10 pg), and cephaloridin (30 pg). Strains were deemed susceptible when the width of the inhibition ring was greater than 5mm, slightly susceptible when it was less than 5 mm, and completely resistant when there was no visible inhibition. The susceptibilities of strains 57, (15) , respectively.
The guanine plus cytosine (G+C) content of the deoxyribonucleic acid (DNA) was determined by the thermal denaturation technique (19) after extraction of the DNA by the method described by Marmur (18) .
RESULTS
Morphology. The cells of the six strains were gram-negative, straight rods with rounded ends (0.5 to 1.5 pm in width and 1.5 to 4 pm in length). Each cell was motile by means of a single polar flagellum ( Fig. 1 and 2) . After 5 to 6 days at 23°C in all media tested, motility, along with vitality, decreased.
Cultural characteristics. The six strains were strictly aerobic: none of them could grow in an oxygen-free atmosphere.
On MA, colonies of the six strains were small (1 mm in diameter), bright, and uniformly pale yellow after 24 h at 23°C. Their center then turned to orange. After 5 days, colonies of strains 57, 206, 207, and 208 (group 1) were circular (3 to 4 mm in diameter), regular, convex, bright, and smooth with a brownish orange center and a large, greenish edge (one third of the radius); older colonies became greenish brown. No diffusible pigment was produced in the medium. Variants with uniformly bright orange colonies (6 to 7 mm in diameter) occurred with a frequency of 1 variant for every 500 to 1, OOO colonies. The colonies of strains 201 and 202 (group 2) were larger (4 to 6 mm in diameter) but less pigmented (uniformly pale orange) than those of the other strains. The addition of starch to the medium (5%, wt/vol) produced an increase in colony size for all of the strains and in the pigmentation of strains of group 2 only.
On blood-MA, all strains produced bright, mucoid, dark-brown colonies, and after 2 or 3 days the medium around them turned black. Each colony was surrounded by a ring of partial hemolysis. Strain 207 gave off a typical cyanide odor.
On tryptic soy agar and on nutrient agar (Difco) prepared with distilled water and 2% NaCl (wt/vol), only strains 201 and 202 grew, producing small, pale yellow colonies. On these media prepared with seawater, strains of group 1 gave rise to small orange colonies. A greenish pigment appeared in the colonies when these media contained ferric phosphate (0.1%, wt/vol). Strains 201 and 202 produced small, pale yellow colonies, the color of which did not change in the presence of ferric phosphate. None of the strains produced diffusible pigments in these media.
FIG. 1-2. Electron micrographs
On King medium A (17) prepared with seq: water, strains 57, 206, 207, and 208 produced large, conical, orange-pigmented colonies (5 to 6 mm in diameter) with a brown, central mucro. On the same medium, strains 201 and 202 gave bright orange colonies and produced an abundant, difisible yellow pigment that was not present in strains of groyp 1. On King medium €3, only strains 201 and 202 were able to grow, producing large (5 to 6 r r u~ in diameter) whitish colonies and a diffusible brownish orange pigment.
Ip marine broth (Difco) at 23"C, growth of the s& strains occurred in the top centimeter only. Bach strain produced a thick, crackled, orange-red pellicle, an orange ring that adhered to the glass, and a slight, yellowish sediment.
In the gelatin (Difco) stab prepared with seawater, infundibuliform liquefaction took place rapidly (24 h) around the @ab. The hydrolysate was a clear, colorless fluid fbr strains of group 1 and a strongly turbid liqyiFj for strains of group 2.
Temperature, pH, salinity, and sodium requirements. The strains of groups 1 and 2 differed greatly in their ability to grow at different temperatures, pH, and salinities. In the former gropp, strains were able to grow at 4 to 30W, to tolerate pH values from 6 (57 and 206) or 7 (207 and 208) to 10 (207 and 208) or 11 (57 and 206), and to grow in artificial seawater media with salinities from 10 tq 80% (112% for strain 57). Strains of group 2 were more tolerant to these conditions: they could grow at temperatures from 15 to 44*C, at pH values from 5 to 11, and with salinities 5 to 112%.
Only strains of group 1 required Na' for growth (Fig. 3) ; despite a slight difference for strain 57, they were inhibited by Na' concentrations lower than 0.3 M and higher than 0.8 M.
Their maximum growth occurred with concentrations of 0.5 to 0.6 M Na' . Strains 201 and 202 were able to grow in a sodium-free medium, but their growth was strongly enhanced by low concentrations of that ion: They were not inhibited by 1.5 M Na' .
Antibiotic production. Strains of group 1 produced a polyanionic antibiotic similar to those synthesized by A. rubra, A. luteoviolaceus, and A. citrea. On the basis of the dialysis experiments, the antibiotic produced by strains 201 and 202 appears to be a rather small molecule.
Antibiotic synthesis was constant whatever the pH and temperature, but it was strongly activated in media supplemented with starch (5%, wt/vol), particularly with strains of group 2. In all cases, a total lack of activity was observed in cells grown on blood-containing media; this phenomenon was previously found in A. rubru and A. citreu and was explained by the catalase activity of blood (11, 13). Pigment production. All six strains produced a noncarotenoid, orange pigment in seawater media; the pigment was more abundant in the presence of starch for strains of group 2. This pigment was readily soluble in methanol, ethanol, and acetone, slightly soluble in water, and insoluble in chloroform. The ultraviolet-vis- (Fig. 4) . These pig.
ments were composed bf several fractions which could be separated chromatographically. Highpressure liquid chromatographs (Fig. 5) showed that strains of group 1 produced a closely related Data from Baumann et al. (2) and Reichelt and Baumann (21) .
' Data from Chan et al. (9) .
Data from Gauthier (11). /Data from Gauthier (10) .
Data from Gauthier (13) .
Symbols: +, straight rods; -, curved rods.
ND, Not determined. Prodigiosin. Violacein.
Orange, non-carotenoid pigment.
' Mechanism of aromatic ring cleavage by species capable of growth on aromatic compounds.
n' Lemon-yellow, non-carotenoid pigment.
tryptophanase, tryptophane deaminase, phenylalanine deaminase, a-or p-galactosidases, pglucuronidase, a-mannosidase, a-hcosidase, C-14 lipase, or lysine or ornithine decarbovlase. Susceptibility to inhibitors. (i) Antibiotics. All strains were susceptible to erythromycin, chloramphenicol, thiophenicol, polymyxin, colistin, gentamycin, rifamycin, vancomycin, oleandomycin, and tobramycin; moderately susceptible to streptomycin, staphylomycin, pristinamycin, neomycin, novobiocin, kanamycin, and spiramycin; and completely resistant to bacitracin, lincomycin, doxycycline, and cephaloridin. In addition, only strains 201 and 202 were inhibited by penicillin G, ampicillin, tetracycline, and chlortetracycline.
(ii) Vibriostatic pteridin 0/129. All of the strains were resistant to pteridin 0/129. However, in the case of strains of group l, this observation could be an artifact due to the use of a medium with a high salt content (20).
(iii) Respiratory inhibitors. All strains were strongly inhibited by acriflavin and 8-hydroxyquinoline and were resistant to lysozyme, urethane, and antimycin A. Only strains of group 2 were susceptible to rotenone, and only strain 207 was completely resistant to 700 pg of KCN.
Miscellaneous reactions. The six strains were unable to utilize m-hydroxybutyrate and did not accumulate its polymer. None of them produced HZS, gave a positive methyl red or Voges-Proskauer reaction, hydrolyzed esculin, or produced trimethylamine from trimethylamine oxide. All of the strains rapidly hydrolyzed casein. 
DISCUSSION
The six strains studied are strictly aerobic, polarly flagellated, gram-negative, rod-shaped organisms with low G+C contents in their DNAs (39 to 44 mol%). They are of marine origin and require Na' for growth. These properties allow their placement in the genus Alteromonas (2). Nevertheless, strains of groups 1 and 2 differ considerably from the presently known alteromonads with respect to their phenotypic characters.
Most of the morphological, cultural, and physiological characteristics of strains 201 and 202 indicate that these strains resemble Pseudomonas piscicida (Bein) (7,8) . On the basis of the G+C value of the DNA, P. piscicida should be excluded from the genus Pseudomonus, as indicated in the 8th edition of Bergey's Manual (5) 
